ABSTRACT
INTRODUCTION
While population of Turkey increases, the demand of Energy increases parallelly. In Turkey great amount of energy generation depends on fossil fuels. In 2018 Turkey generated its energy from different energy sources. 303.9 billion kWh energy generated in 2018. These energy sources were; 37.3% coal, 29.8% natural gas, 19.8% hydraulic energy, 6.6% wind energy, 2.6% solar energy, 2.5% geothermal energy and 1.4% energy generated by using other sources. Also there is 7423 power plant in Turkey at the end of the 2018. There are 653 hydroelectric power plant, 42 coal power plant, 249 wind power plant, 48 geothermal power plant, 320 natural gas power plant, 5868 solar power plant and 243 other sourced power plant in Turkey [1] .
It is known that fossil fuels will be run out at the future. Also fossil fuels are causing global warming and polluting the air. On the other hand there is not enough fossil fuel resources in Turkey. Dependence of fossil fuel is economic burden for Turkey. While dependence of fossil fuel is continuing, portion of energy generation of fossil fuels can be decrease by using alternative energy. For Turkey it is great alternative to use solar and wind energy according the potential that country have [2, 3] .
Wind energy can be generated both onshore and offshore and it is clean and renewable form of energy. It has not need any fuel and not emits carbon dioxide. Wind energy generated by different temperature level caused from solar radiation. This creates change in pressure levels and different pressure levels create movement in the air. 2% of solar energy that reach to Earth is transforming wind energy. Wind turbine is most important structure that generate electric energy from wind energy. Wind turbine extract energy from wind by using its blades. While wind rotates the turbine blades, the electric is generated from turning shaft that connected with blades. Kinetic energy transforms into to electric energy and then transferred to grid network.
In Turkey wind energy potential is predicted as 48000 MW. The area that correspond the potential is about equal to 1.3% of Turkey's area. In 2018, 19 .882 billion kWh electric generated from wind energy. And total installed capacity is 7005 MW for Turkey [4] . Solar energy generated by using sun is an energy type which can be transformed into electric energy or thermal energy. Solar energy can be generated by using different methods. The most popular method is using photovoltaic solar panel. Photovoltaics directly convert solar energy into electricity. They work on the principle of the photovoltaic effect. Photovoltaic panels working when certain materials are exposed to light. They absorb photons and release free electrons which called as the photoelectric effect. Photovoltaic effect is a method of producing direct current electricity based on the principle of the photoelectric effect. Based on the principle of photovoltaic effect, solar cells or photovoltaic cells are made. They convert sunlight into direct current (DC) electricity. But, for most of the times AC power required and hence, solar power system consists of an inverter. Solar energy is clean, cheap and renewable energy source. So solar energy does not pollute environment. At each point that sunlight reaches to Earth solar energy can be generated. Since the solar energy source is sun, it has infinite source. Solar energy can be used for heating water, power homes and building, power cars. Also it can be use as power plant.
At the end of 2018 there are 5863 solar power plant in Turkey. Total installed solar power plant capacity is 5063 MW. 7477.3 GWh of electric energy generating from solar energy in Turkey. This correspond to 2.5% of total energy generation [5, 6] .
Figure 1.1: Hybrid Power Plant
Wind and solar energy not only prevent running out of fossil fuels. Also generate clean energy and prevent the environment pollution. But renewable energy sources are not continuous. Continuity problem is one of the biggest issue for clean and renewable energy. When there is energy demand there have to be energy to supply. But solar energy is only available at the daytime and wind energy is available at the certain times. So renewable energy sources are not predictable. This situation creates continuity issue. Because of that renewable energy source must be continuous to correspond the energy demand. This problem can be solved by using integrated energy sources. By using both solar and wind energy together energy supply can be more continuous and generates more power. Also renewable energy sources may not be predictable but some crucial information that important for generating energy such as wind speed and solar radiation can be determined [7] [8] [9] [10] [11] . The technology that using at production of wind turbine and photovoltaic panel, crated new possibilities for generating electric energy from wind and solar energy [12] . Renewable energy sources are very applicable alternative at rural areas. At locations that have not great renewable energy potential using hybrid solar and wind energy together is more efficient instead of using only solar or wind energy have found out according to studies [13] . Using battery system as attachment to hybrid system increases the continuity of energy supply [14, 15] . Generally wind-solar hybrid power plant consists wind turbine, photovoltaic solar panel, controller and storage unit. Electric generated from wind turbine is not stabile. So some control units and invertors made this electric energy consistent and storable. Than stored energy can be used for local or other purposes. In photovoltaic order, solar panels can be align as series or parallel. Generated electric energy can be stored and used as alternative (AC) or direct current (DC). Hybrid systems have high energy generation capacity. Also electric generation cost and operation, maintenance cost is low [16] . In this study by considering wind and solar hybrid energy, Turkey's potential has been determined. The main reason for choosing the wind and solar hybrid system is the advantages of the hybrid system. Hybrid energy, which is one of the solutions reached as a result of the desire for a more livable future, is aimed to be more widespread in Turkey and to benefit both the economy and the environment. 
Wind and Solar Potential
Wind and potential maps of Turkey has been examined. After the examination best possible wind speed and solar radiation located for each 81 provinces and 7 region of Turkey. According to figure 2.1 and figure 2.2 wind potential has been determined. But this determination has been made by correspond to figure 2.3. For all the provinces sufficient point is selected for both wind and solar energy potential. To combine solar and wind energy potential for creating the hybrid energy potential this path has been followed;
1. Determining the highest solar radiation zone for province 2. Determining the highest wind speed zone for province 3. Comparison between highest solar radiation and wind speed zone 4. If these zones are at same location taking the data from both maps 5. If these zones are not at the same location detailed examination of province 6. Choosing the highest potential position by letting minimum reduction of wind or solar potential and taking the data From figure 2.1 yearly average wind speed has been read which one of the important aspect for the wind energy. Wind speed data has been shown by using colors. The unit for the data shown as m/s. As seen on map at the west side of country there is great wind energy potential. Also at Center Anatolian Region, south side and some eastern Anatolian zone good wind potential can be detected. Those wind speed data shows at 100 meter high from ground yearly average speeds. When considering wind energy potential capacity factor is another important aspect for the calculating wind energy. At the below capacity factor data has been shown in figure 2.2. It is similar with figure 2.1 but at some point colors are differing and data shown is using percent. This data is crucial for calculating yearly total energy which is needed for determining the wind potential and cost analysis. After collecting the data calculation become possible. But still some selection has to be made to calculate the wind energy potential such as turbine blade diameter, air density, and losses. Power has been calculated from using (2.1)
Turbine blade diameter (44 m) is selected. It is using to calculate are that blades span. The aerodynamic losses is selected as 50% of betz limit. The other selected parameters are is betz limit which is 59.3%, is air density which is (1.23 kg/m 2) is used for calculating the total wind energy. P is power as Watt, cf is capacity factor value which taken from Figure 2.2. 24 hour and 365 days considered for yearly calculation. Then it is divided by 1000 to find out kWh per yearly energy generation.
In the figure 2.3 Turkey's solar radiation data has been given. The color red to blue represent the intensity of solar radiation. Where red color indicates high solar radiation, blue color indicates low solar radiation. As seen from the figure 2.3 The North side of Turkey has less solar radiation especially at the north east. The south of Turkey has much higher potential than north side. Southwest side has the most solar radiation according to data given by Turkish State Meteorological Service. The unit of data shown in the map is kWh/m 2 /day. This data gathered by Turkish State Meteorological Service which shows yearly average value between 2004 and 2016. To calculate the yearly solar energy generation (2) has used. E = A * r * H *365* PR (3) Where A is area of photovoltaic solar panel which is selected (1,9625m 2 ), E is yearly energy generation (kWh), r is chosen solar energy efficiency(18.5%), H is yearly average radiation (kWh/m 2 ), PR is performance ratio which selected as 0.75. Yearly solar energy potential has calculated after this work.
After the calculations to compare with wind and solar data, calculated values have divided to area for wind turbine and photovoltaic solar panel. Since 1 wind turbine generates more energy than 1 photovoltaic solar panel. Wind energy divided to turbine blade span area and Photovoltaic solar panel divided to panel area. So they can be compared to each other as percentage of total wind and solar potential.
Cost Analysis
To calculating the cost analysis some parameters have been chosen. Cost analysis calculation based on 1MW hybrid power plant for each provinces. Installing power portion for wind and solar energy determined by using calculated wind and solar energy percentages. For wind energy 200 kW Turbine and for solar energy 250 W photovoltaic panel selected. Also storage system cost has been added to cost analysis.
The price for wind turbine is taken as 280000 $, for photovoltaic panel 84 $ and for the storage system 95000 $. Turbine and solar panel count varies according to provinces. So price can change for different cities.
As the operation and maintenance cost, for wind turbine it is taken as 2% of investment cost. Escalation of operation and maintenance cost is selected as 1%. For solar panel it is taken as 1% of investment cost. Escalation of operation and maintenance cost is selected as 1% same with wind turbine [19] . After calculating the first year O&M cost it is calculated for 25 years which is lifetime of system.
There are some governmental incentives for renewable energy in Turkey. According to regulations first 10 years wind energy selling price is set to 0.073 $/kWh. For solar energy this price is 0.133 $/kWh [20] . After 10 years selling price returns its normal values. Normal selling price is 0.06 $/kWh [21] . But this price will be applied after 10 years. Because of that 2% of yearly electricity price increase applied to normal price until the 11th year. F 10 = 1st year electricity cost* (F/P, %2, 11) = 11th year electricity price $/kWh (4) After this calculation 1st and 11th year revenue has been calculated by using yearly electric generation which calculated previously. When taking into account the turbine and solar panel numbers yearly total revenue has been calculated. First 10 year constant revenue and last 15 years from normal price to increasing economic model has been constructed. Both wind energy revenue and solar energy revenue combined together to finding out total hybrid energy system net present worth. Rate of discount taken as 18.5% and lifetime of the system chosen as 25 years. Bpw can be considered as revenue and Cpw as cost. Bpw = 1st year revenue*(P/A, %18.5, 10) + 11th year revenue*(P/A1, %2, %18.5, 15)*(P/F, %18.5, 10) (5) Cpw = Investment Cost (Solar + Wind + Storage) + 1st year wind turbines O&M cost*(P/A1, %1, %18.5, 25) + 1st year solar panels O&M cost *(P/A1, %1, %18.5, 25) (6) Npw = Bpw -Cpw (7) If the Npw value bigger than 0 then the investment considered as feasible. If the Npw value is lower than 0 investment considered as unprofitable. Also unit electric energy cost is calculated for each provinces. To calculate it investment cost has been divided to yearly cost and rate of discount has used in the formula (10). 
RESULTS AND DISCUSSION

Hybrid Potential Data
The calculation has been made by using (1), (2) For Marmara region wind energy looking very important according to calculated data. And wind energy has higher impact on hybrid energy. In this region Çanakkale have the highest hybrid energy potential. 70.5% of total energy potential comes from wind energy and 29.5% comes from sun. In Black sea region there are 18 provinces. But region is not have much hybrid energy potential as Marmara Region. Black sea region is the north side of Turkey. So solar energy hasn't got sufficient amount of potential. Also wind energy isn't looking promising in this region but hybrid energy can be use as local purposes. For Aegean region hybrid energy looking good when considering Turkey. But in İzmir both wind and solar energy potential looking good for hybrid energy. 59.7% of total energy potential comes from wind energy and rest of 40.3% comes from solar energy. This region may be good spot for hybrid power plant. 
Figure 3.4: Hybrid Energy Potential of Central Anatolia Region
After the calculations that made for central Anatolian region south side of central Anatolia has higher hybrid energy potential than north side. In this region Karaman province has the highest hybrid energy potential. Karaman has 3rd highest potential in Turkey. South side of this region has great potential of hybrid energy. In Mediterranean region solar radiation is highest of Turkey. Also wind energy is one of the important source of this region especially at Hatay. Hatay has great amount of wind potential and good amount of solar energy potential. According the data in table 2.5 70% of energy comes from wind energy and 30% of energy potential comes from solar energy. Hatay has the highest hybrid energy potential according to calculated data. So this region has important potential for hybrid energy. East Anatolia Region has good potential for hybrid energy. Solar energy portion is higher than wind energy portion in some provinces. Van has good amount of hybrid energy potential. According to data 49.4% of potential comes from wind energy and 50.6% of potential comes from solar energy. 
Figure 3.7: Hybrid Energy Potential of South East Anatolia Region
After the calculations for south east Anatolia region, it is found that region has good solar energy potential. But wind energy potential is not sufficient for this region according the data. Total hybrid energy potential is nearly below of country average. Low wind energy potential affects the total hybrid energy potential amount. So region has lower hybrid energy potential. In figure 3 .
Cost Analysis Data
Data has been calculated as mentioned before was placed in tables. 1 MW hybrid power plant combined with wind turbine and photovoltaic solar panel with corresponding amount of potential. Wind power plant net present worth and solar power plant net present worth combined and 1 MW hybrid power plant net present worth calculated for 25 years lifetime. Turkey divided to 7 regions. And in these regions there are 81 provinces. For each provinces 1 MW hybrid power plant scenario has been applied. Hybrid power plant location selected be using best hybrid energy potential zone. According the potential data unit cost of electricity has been calculated for each province. After the calculation it has seen wind power side of hybrid power plant not looking profitable for some provinces. This is because Turkish government incentives for solar energy is much higher than wind energy. Also wind turbine is more expensive when compared the sufficient amount of solar panel. Wind power is much higher at 100 m above of the ground. Because of that wind turbine tower must be longer. This increases the wind turbine prices. Even wind power plant may not be profitable for itself it is profitable for total hybrid power plant. Also when the night time wind energy can be generated with this hybrid system. This provides continuity for energy supply which is crucial for energy demand. 
CONCLUSION
In this study Turkey's wind and solar potential has been calculated. According to calculation Turkey has great potential for hybrid energy. For 7 regions and 81 provinces of Turkey potential data has been found and according to data hybrid power plant economic scenario have been analyzed. With regard to scenario 1 MW Hybrid power plant constructed for each 81 provinces on the best hybrid energy potential zone. According to results Hatay is the best possible location for hybrid power plant for Turkey. Then Çanakkale and Karaman follows Hatay. These provinces have some common characteristic. One of them is wind energy potential. Also these provinces have good amount of solar energy potential. The other provinces may not be high as Hatay, Çanakkale and Karaman but they have good hybrid energy potential too. Due to its local applicability, easy commissioning and high production capacity, the hybrid power plant can be used as a very convenient source of energy for many provinces. It is the responsibility of every citizen to reduce their carbon footprint by using a clean energy source. Otherwise, the Earth will continue to become increasingly uninhabitable. Hybrid energy can be the clean and renewable alternative source. Referring to Turkey as compared to the overall cost analysis was found to be a sufficient level for hybrid energy investment. So hybrid energy is not only clean and sustainable, at the same time this system makes it lucrative to be applied as energy solutions in Turkey.
